Abstract. Knowledge of the molecular biology of primary colorectal cancer (CRC) has improved in recent years, and one reason for this is the identification of microsatellite instability (MSI), which occurs in up to 15% of sporadic CRC. However, less is known regarding the processes involved in colorectal liver metastases (CRLM). Increasing numbers of patients with CRLM are suitable for curative resection, so the identification of molecular markers may improve patient selection. The aim of the present study was to characterise the incidence of MSI in resected CRLM. Fifty-one sequentially resected CRLM specimens were selected. Clinicopathologic data was collated and immunohistochemistry for MLH1 and MSH2 was performed on paraffin sections of the CRLM specimens. The association between abnormal staining and the clinicopathological data was examined. The median age of the subjects in the current study was 65 years, the average number of CRLM was 2 and the median overall survival time was 42.1 months post liver resection. None of the 50 resected specimens demonstrated abnormal staining for MLH1 or MSH2. Compared with the previously reported incidence of MSI in primary CRC, the low incidence of MSI in the current cohort of CRLM precludes its use as a marker for use in making clinical decisions regarding this condition.
Introduction
Colorectal cancer (CRC) is the second and fifth most common type of cancer in females and males, respectively, in Australia (1). Worldwide, there are over a million cases diagnosed each year with a disease-specific mortality rate of ~33% in the developed world (2) . The majority of mortalities occur from metastatic disease, and the most common site for metastases is the liver, where metastases develop in up to 40% of patients with CRC (3).
While treatment options for hepatic metastatic disease have rapidly expanded, the only hope for long-term survival is surgical resection. The range of available indicators for identifying cases in which potentially curative resection is possible has expanded significantly since initial reports and generally, 30-50% of patients have operable disease. Following surgery, five-year survival rates of 25-50% have been reported (4, 5) .
Predictors of clinical outcome following liver resection have been thoroughly investigated and include the following: Primary tumour grade; number and size of liver metastases and whether they are synchronous or metachronous; period of disease-free survival; presence of extrahepatic disease; and resection margin (6, 7) . These parameters have significant limitations and are based on population data rather than being individualized for each patient. Recent attention has therefore focused on the relevance of molecular prognostic markers (8) (9) (10) .
The molecular changes associated with CRC development have been well characterized compared with those of most other types of cancer, and two main pathways have been described. The adenoma-carcinoma sequence, as proposed by Vogelstein et al (11) , has been implicated in 85% of sporadic CRC and involves the stepwise accumulation of somatic mutations leading to chromosomal instability (12) . Cells acquire a growth or clonal advantage when these genomic defects activate oncogenes such as k-ras or c-myc, or inactivate tumour-suppressor genes, such as adenomatous polyposis coli (APC), deleted in colon cancer (DCC), and p53 (13, 14) .
The second pathway is characterized by the presence of microsatellite instability (MSI) and is implicated in the development of 12-30% sporadic CRC and all cases of hereditary non-polyposis colorectal cancer (HNPCC) (15) . DNA microsatellites are regions of highly polymorphic repeat nucleotide sequences mostly located in non-coding regions. The human genome contains >100,000 microsatellites, and genes containing microsatellites are unstable and vulnerable to mutation. CRC with high-level MSI (MSI-H) is defined by changes in the length of specific oligonucleotide sequences (16) . The underlying cause of MSI is attributed to defects in DNA mismatch repair (MMR) genes. These defects occur through two pathways; inherited germline mutations such as those associated with HNPCC, or acquired somatic (17) . The phenotype of MSI-H tumours differs clinically from those demonstrating chromosomal instability. They are often more poorly differentiated and are more commonly located in the proximal colon. Despite relative resistance to fluorouracil (5FU)-based chemotherapeutic regimes, studies have also indicated an improved prognosis in patients with MSI-H tumours compared with those in stage-matched cases with chromosomal instability (15, 18, 19) . In addition, MSI-H tumours have been demonstrated to present earlier and have a lower incidence of metastases than non-MSI-H tumours (20) .
While primary CRC tumours have been extensively examined, little attention has been paid to the MSI characteristics of the metastatic disease. Of the few studies that have examined the MSI status of colorectal liver metastases (CRLM), the incidence of MSI-H CRLM has been variably reported, from 3% up to 43% (21) (22) (23) . With regard to clinical outcome correlations, only one study has demonstrated an association between MSI in CRLM and improved survival, to the best of our knowledge (22) . Therefore, the current study undertook investigation of the expression of MLH1 and MSH2 proteins in resected CRLM and examined the association with clinicopathological outcome. It was hypothesized that evidence of MSI (ie. the absence of MLH1 and MSH2 expression) conveys a positive prognosis.
Materials and methods
Study cohort. Consent was obtained from patients for access to tissue for research purposes and a low-risk ethical approval was granted by the North Sydney Central Coast Area Health Human Research Ethics Committee (protocol: 0805-067M). Fifty-one consecutive patients undergoing liver resection for CRLM at the Royal North Shore Hospital campus (Sydney, Australia) between 1998 and 2006 were identified from a prospectively maintained database. Retrospective review facilitated collation of data regarding the following factors: age; gender; TNM stage; and the site of the primary CRC; use of any adjuvant chemotherapy; details of CRLM (synchronous or metachronous, number); and the development of hepatic and extrahepatic recurrence. Overall survival was measured from the date of surgery for hepatic metastases until patient mortality, or the most recent follow-up. Disease-free survival was defined as the time period from the date of liver surgery to the time of tumour recurrence. Tumour recurrence was defined as a combination of any two of the following situations: Clinical suspicion, radiological suspicion or histopathological confirmation.
Immunohistochemistr y. Immunohistochemistr y for MLH1 and MSH2 was performed on formalin-fixed paraffin-embedded tissue prepared from the CRLM surgical resection specimens. MLH1 antibody (cat #550838; BD Pharmingen, BD Biosciences, Franklin Lakes, NJ, USA) and MSH2 antibody (cat #NA27; Merck-Millipore, Darmstadt, Germany) were used at concentrations of 1:40 and 1:30, respectively. Following sectioning and heat-induced epitope retrieval, sections were incubated with the specific antibodies for 1 h at 25˚C. After washing, slides were incubated with the MACH 4 Rabbit HRP Polymer Detection system (M4U534G; Biocare Medical, Walnut Creek, CA, USA). All slides were examined by a blinded pathologist and scored as either negative (complete absence of staining) or positive (diffuse nuclear staining). All samples demonstrated a valid internal positive control (lymphocytes, for example).
Results
Clinicopathologic variables of interest. Fifty-one patients were included in the present study (21 females and 30 males) and the median age was 65 years (range: 29-80) ( Table I ). The sites of the primary tumours were as follows: Rectum, 14 patients; left colon, 28; transverse colon, 4; and ascending colon, 5. Twenty-four patients (47%) had node-negative primary tumours (Dukes' A and B).
Twenty-one patients (41%) presented synchronous primary and metastatic disease (none underwent synchronous resection) and 30 (59%) presented with metachronous disease. The mean number of metastases was 2 (range: 1-6), with 28 patients (54%) having solitary metastasis. Bilobar disease was present in 14 patients (27%) and the mean CRLM tumour size was 42 mm (range: 7-120 mm).
Seventeen patients (33%) underwent neoadjuvant 5FU-based chemotherapy, and five had adjuvant chemotherapy. Two patients with rectal cancer had undergone neoadjuvant chemoradiotherapy. During the average post-liver resection follow-up interval of 40 months (range: 4-92) there were thirty recurrences. Eighteen were intrahepatic and twelve were extrahepatic (lung, 3; peritoneal, 3; brain, 2; pelvic, 2; adrenal, 1; and kidney, 1). The median time to recurrence was 16 months (range: 4-37 months). Of the thirty patients with disease recurrence, six underwent further surgery (hepatic, 4; pulmonary, 1; and cerebral, 1). The median overall survival from the time of liver resection was 42.1 months and disease-free survival was 32.9 months. There were a total of 21 disease-related mortalities during the follow-up period.
Immunohistochemistry. All of the samples demonstrated diffuse positive nuclear staining for MLH1 and MSH2. No samples displayed the staining pattern characteristic of MSI-H tumour cells (i.e. loss of MMR staining). Given the absence of MMR deficiency in this cohort, it was not possible to identify statistical correlations between this factor and clinical outcome.
Discussion
The investigation of tumour MSI has become routine in colorectal practice following the validation by the National Cancer Institute of a panel of five microsatellites (16) . These have allowed standards for classifying tumours into MSI-high (H), MSI-low (L), or microsatellite-stable (MSS) groups (24) . Immunohistochemical techniques are now widely available to assess the level of gene product expression in standard formalin-fixed, paraffin-embedded sections and this has become the favoured technique for the investigation of MSI status in colorectal cancer (16, 18) . Nuclear staining for MMR genes is ubiquitous throughout human tissue, even in cancer. Positive staining demonstrates the absence of MMR and MSI. Conversely, loss of expression denotes the presence of MSI specific to the MMR protein being that is stained for.
The incidence of MSI in primary CRC is ~15-20%. These tumours display distinctive clinicopathological features, including a tendency to be located in the right colon, associations with other neoplasms, a younger age at presentation, a high grade or medullary type, mucinous differentiation, and peritumoural ('Crohn's like') lymphoid infiltration. MSI status is also associated with an earlier stage at presentation and less nodal involvement compared with MSS tumours (25) .
Overall, the presence of MSI in primary sporadic CRC has been repeatedly demonstrated to be an independent predictor of improved overall and disease-free survival (15, 26, 27) . A number of explanations have been suggested for this finding: Genes with MSI have been demonstrated to mutate at rates up to 100-fold higher than MSS cells. Thus, the rate of gene defects may be higher and such defects may either be lethal to the cell or result in the production of dysfunctional cell-cycle proteins that act as a brake on tumour progression (28) .
Secondly, MSI cancers demonstrate increased peritumoural lymphoid infiltration and contain high numbers of activated cytotoxic lymphocytes (23) . This may be due to defective MMR, which leads to the production of antigenic proteins that stimulate a cytotoxic immune response within the tumour.
In the current study, none of the 51 patients exhibited an absence of MMR gene product staining consistent with MSI-H metastases. These results are similar to those of a number of previous studies. For example, Thorstensen et al (8) presented a liver metastasis MSI rate of only 2.7%. This contrasts with the results of Messick et al (9) who reported a rate of 10%. The authors explained their increased incidence by the inclusion of rectal cancers that demonstrated a very low MSI rate, and the use of a genetic panel for the diagnosis of MSI, which potentially included tumours that other studies would not have classified as MSI-H. In the present study, 27% of samples were rectal CRLM. In general, cases of CRLM appear to maintain relatively low MSI rates when compared with corresponding primary tumours, which consistently maintain MSI rates of 15-20%. This difference has been indicated to be statistically significant in at least one matched study (10) . The absence of data regarding the MSI status of primary tumours in the present study precludes a discussion regarding corresponding expression.
There are a number of potential explanations for the discrepancy in MSI rates between primary and secondary cancers. MSI-H tumours may not metastasise to the liver as readily as MSI-L or MSS tumours. Furthermore, they may metastasise in a different pattern. The present surgical cohort also represents a select population, in terms of patients (fit for surgery) and disease (isolated to the liver and surgically resectable). MSI-H tumours, having developed the potential to metastasise, may spread to the liver in such an aggressive fashion that they are surgically unresectable, or progress so rapidly as to render patients unfit for potential liver resection. However, to establish this hypothesis, the routine use of biopsy and determination of MSI status of all CRLM is required; a practice that would not be clinically advisable. Additionally, numerous patients with CRLM have often received chemotherapy as adjuvant or increasingly neoadjuvant treatment prior to hepatectomy. The paucity of MSI-H cells in liver metastases may reflect a greater sensitivity of these tumours to various chemotherapeutic regimens; a fact that has been noted previously (29) . Another possibility is that MSI-H primary tumours harbour a subpopulation of MSS cells that possess greater metastatic potential and are overly represented by clonal selection in liver metastases (10) . Whilst plausible, data from a range of types of primary cancer (including CRC) and corresponding metastases suggest that liver metastases exhibit MSI at the same loci as the primary colonic tumour (30, 31) .
The use of translational molecular phenotyping for the management of CRC is increasing. Measurement of MSI status and other mutations such as KRAS and BRAF are now being used to guide tailored treatment. More specifically, studies investigating the response of MSI-H primary tumours to flouropyrimidine-based chemotherapy have produced conflicting results (19, 29, 30, 32, 33) . However, the weight of evidence now strongly suggests a significantly reduced benefit for MSI-H compared with MSS tumours with nodal involvement treated with 5FU-based regimes (15, 18) . Studies demonstrate no significant difference between the response of MSI-H and MSS tumours that present metastasis to combinatorial chemotherapy regimens, as concluded in a review by Des Guetz et al (34) .
The surgical resection of metastases is a well-established treatment for not only liver, but lung and cerebral metastases from CRC. The aggressive treatment of what was previously thought to be terminal disease has necessitated the identification of prognostic markers of success for these potentially morbid resections. While the indicators for hepatectomy are expanding, clinical risk factors for intra-and extra-hepatic recurrence have been reported. Molecular markers are increasingly being sought for the chemotherapeutic and surgical treatment of metastatic disease, in addition to those related to the primary tumour. It is tempting to extrapolate molecular knowledge regarding primary CRC to the metastatic setting; however, as in the MMR status of primary CRC and corresponding CRLM, there may exist significant differences. This is not only true for MLH1 and MSH2 mutations, but has also been reported for other markers such as thymidylate synthase and Bax (35) .
As demonstrated in the present study, the low frequency of MMR deficiency in liver metastases precludes its use as either a predictor of outcome, or as a selection criterion for liver surgery and/or adjuvant therapy. This highlights the requirement for ongoing research to identify molecular markers of translational significance for management of colorectal liver metastases.
